The Taxonomy of the Salpidae (Tunicata) of the
Central Pacific Ocean:

James L. YounT

INTRODUCTION

KNOWLEDGE OF THE SALPS of the central
Pacific Ocean is scanty as heretofore they
have been studied only in conjunction with
extensive collections, such as those of the
“Challenger” and “Albatross” (Herdman,
1888; Metcalf, 1918), from large areas. The
present paper, which is limited to a discussion
of taxonomy and morphology, is based on
large collections that have recently become
available. A further report on distribution and
ecology is in preparation.

Although much of the present paper is of
necessity similar to previously published
work, especially those portions describing
muscle arrangement, the descriptions are
based on original study unless otherwise
stated. A new method of study for salps, also
applicable to many other planktonic animals,
was used and is here described.

Species of the genus S#lpaz were arranged
into a number of related subgenera by Met-
calf (1918) as follows: Cyclosalpa, Brooksia,
Apsteinia, Salpa, Ritteria, Thetys, Pegea, Traus-
tedtia, Thalia, and lasis. Some of these names
originated with earlier investigators. Because
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of prior usage, it was necessary to replace
Ritteria by Ritteriella, and Apsteinia by Iblea,
which he did in 1919. All these subgenera
were raised to the rank of genera by Ihle and
Ihle-Landenberg (1933), who at the same
time added the genus Meicalfina for Salpa
hexagona Quoy and Gaimard, 1824. This
classification is in general use today and is
followed here, with the addition of the genera
Helicosalpa (Todaro, 1902) for Cyclosalpa vir-
grla Vogt, 1854, and C. komaii Thle and Ihle-
Landenberg, 1936, and Weeliz gen. nov., for
Salpa cylindyica Cuvier, 1804. In addition, the
subfamilies Cyclosalpinae and Salpinae are
newly recognized here.

References included in the specific synon-
omies are as inclusive as possible since 1912.
Additional citations prior to that date are
given in detail by Ihle (1912). Only a few of
the older reports (previous to 1893) have been
examined, thus all citations in the synonymies
previous to 1912 have been taken from Ihle
unless stated otherwise.
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MATERIALS AND METHODS

The animals used were taken from a large
series of plankton captures made by POFI
(principally from cruise 5 of the “Hugh M.
Smith”’). The area of capture extended from
27°N. to 5°S. and from 176°W. to 155°W.

The animals were studied by staining with
toluidin blue. Apparently the idea of staining
the animals has not been used by anyone
previous to this report except Berner (1954),
who used rose bengal. '

Salps cannot be advantageously stained in
an alcoholic stain, as alcohol dehydrates the
test. Some water-soluble stains (such as rose
bengal) were found to be rather effective, but
they did not result in good differentiation
between test and other body structures. P. B.
van Weel suggested the use of toluidin blue,
which he had used on salps as a vital stain
and which, he had found, differentiated be-
tween body tissues and test of the living
animal. It has proved a most important con-
tribution to this study.

Toluidin blue can be mixed in any water
medium, whether it contains formalin, is
salty, or is fresh. The dry stain was sprinkled
into the fluid until the latter became a deep
blue or purple color. The most satisfactory
strength is 0.15 gram stain to 500 cubic cen-
timeters water. The animal was placed in the
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stain from 5 to 30 minutes. While it was in
the stain, a small pipette or hypodermic needle
was used to inject stain through the mouth
or cloacal opening in order to stain body
tissues; this is an essential step of the staining
process. When body muscles and other in-
ternal organs became rather dark, the animal
was washed in a vessel containing clear water
to remove excess stain. It was then ready for
study, best done with a white background,
but a black background or even removal from
the water may be useful. There are, however,
two disadvantages to the use of the stain:
(1) it is not permanent in the preservative,
and (2) the natural coloration of the animal
becomes obscured. The many advantages of
the stain, however, greatly outweigh these
disadvantages.

Some salps, such as the solitary forms of
C. bakeri, C. floridana, and H. komaii, require
a different method than the one just de-
scribed. In the first two species, the muscles
are so delicate that they do not stain well at
the usual concentration; in the latter species
the test absorbs stain heavily, thereby ob-
scuring structures beneath it. The animals
were placed in clear water, »ot in the stain.
Then a stain of 1 gram to 500 cubic centi-
meters of water was injected slowly into the
body cavity until it was completely filled,
and left until the muscles became dark. In
this way, the test is not stained, but the body
structures are.

Toluidin blue differentiates by staining the
test pink and the body tissues varying degrees
of blue. Thus the test and various organs of
the body become completely visible and yet
retain their transparency to a large degree.

Stiasny (1926) reported that the test is use-
ful in combination with other structures, es-
pecially muscles, for distinguishing species.
However, extensive examination of the stained
tests shows that in the aggre gate form there
is often no basic type of test. It is apparently
not as useful as he thought, as I found great
variation in test structure of both solitary and
aggregate forms.
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In many species, the presence of depressions
and elevations is entirely accidental, due prob-
ably to the convulsive contractions of the
muscles at death. In my opinion the presence
of elevations and depressions in a soft test
(with the exception of distinct ridges and
grooves) is in general without value as a
character for species determination. There do
seem to be a few exceptions, however, i.e.,
Pegea confoederata and Ritteriella amboinensis
agg.

The asymmetric nature of aggregate indi-
viduals of salps is shown not only in the
arrangement of muscles, attachment organs,
and end projections but also in the sculpture
of the test when it is stiff and has permanent
structures (Stiasny, 1926; lhle, 1937-39).

In some species, such as Thalia democratica,
there are two basic body forms: one has a
relatively thick test, prominent ridges and
grooves, and wide muscle bands; the other
has a thin test, ridges weak or absent, non-
permanent elevations and depressions, and
narrow muscles.

Van Beneden and de Selys-Longchamps
(1913) (jide Stiasny, 1926) and Stiasny showed
that there had been entirely too much reliance
on muscle arrangement for differentiating the
various species. Nevertheless, muscle arrange-
ment is one of the most important recogni-
tion features. In order to determine some
species, however, it must be combined with
other features.

MORPHOLOGY

With the exception of Traustedt (1885),
Brooks (1893), van Beneden and de Selys-
Longchamps (1913) (fide Brien, 1948), and
Stiasny (1919, 1926), all investigators have
described the test only incidentally, their work
being primarily concerned with the muscular
arrangements of the various species. The only
considerable contribution to the knowledge
of test structure was made by Stiasny (1926).
As he showed, the great difficulty encountered
in the study of the test is its almost complete
agreement in refractive index with water.
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Some salps have tests with ridges and grooves
that can be seen under water, but the test of
most shows little or no opacity. Hence, almost
all investigators have completely disregarded
the test in their researches. Traustedt (18853)
and Brooks (1893) described the test in a
few species, and Brooks recognized a basic
plan in the test that fits some salps, especially
the solitary forms. This plan was named
Brooks’ rule (Regel von Brooks) by Stiasny
(1926), and he applied it to many forms. Sti-
asny also clarified the rule and stated it as
follows:

.. . finden wir regelmissig in der Mitte der
Dorsalseite eine (tiefe) Langsfurche, beiderseits
begrenzt von vorspringenden kiel-dnnlichen
Kanten, an den seiten des Mantels vorsprin-
gende scharfe Kanten oder Fligelartige Ver-
breiterungen; auf der Ventralseite ist die Testa
dick, mit einem medianen und 2 lateralen
Kielen.

Stiasny also set up a scheme of nomencla-
ture for test structure which is followed here
although some of his terms have been changed.
The result is a combination of his terms, of
those used by Delage and Hérouard (1898),
and some additions. It is believed that the
terminology used here is both clearer in mean-
ing and easier for use in descriptions. The
resulting scheme is shown in Figure 1.

The following terms are used to describe
the test:

test—the outer tunic or covering over the
epidermis

mantle—the epidermis and associated tissues;
the term does not refer to the test

ridge—a distinct elongate bulge, triangular in
Cross section

groove—a distinct elongate, angular invagina-
tion

elevation—a rounded, elongate bulge

depression—a rounded, elongate invagination

swelling—a prominent, nonelongate, rounded
bulge

cavity—any concavity of the internal surface
of the test
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FIG. 1. Scheme of the test of a solitary form. 4, End aspect (after Stiasny, 1926); b, lateral aspect (modified
after Delage and Hérouard, 1898). ch, Chin; ¢/, cloacal opening; 4/, dorsal lip; #/d, dorsal longitudinal depression;
dlr, dorsal limiting ridge; ep, end projections; gs, gut swelling; /r, lateral ridge; 7, mouth; mor, midventral ridge;

vl, ventral lip; #lr, ventrolateral ridge.

chin—the swelling on the ventral anterior sur-
face below the ventral lip

spine—a small, conical protrusion beyond the
test margin

projection—a large protrusion of the test; it is
never filamentous but may contain a man-
tle projection

tentacle—a filamentous protrusion of the test;
it usually contains a mantle projection

sucker—a disc-like enlargement at the end of
the mantle (epithelial) tube in the projec-
tions of some forms(e.g., Thaliademocratica,

sol.)

Furthermore, when the terms “ridge,”
“groove,” etc., are used, they always refer to
longitudinal ridges and grooves unless stated
otherwise.

The general morphology of salps is schem-
atized in Figure 2 to identify structures in the
remaining figures. Body muscles are desig-
nated by Roman numerals from anterior to
posterior (M III =body muscle three), where-
as mouth and cloacal muscles are designated
by letters (A, B, C, and x, y, z, respectively).
This notation follows that set up by Streiff
(1908) as used by Ihle (1935, 1937-39), ex-
cept cloacal muscles are denoted by lower-
case letters to avoid confusion with body
muscles. ‘

In addition to those listed in Figures 1 and

2, the following abbreviations are used in the
other figures: ant, Anterior; b/.f, blood-form-
ing organ; bm, “baumférmiger Fortsitze’;
bv, blood vessel; cir.pr, circular projection;
d.fl, cloacal flap; ¢r, crest (dorsal limiting
ridge); dle, dorsal limiting elevation; Jlp,
dorsolateral projection (atrial palp); d.ren,
dorsal tentacle; ¢/.c, elaeoblast cavity; em, em-
bryo; f, fold in bottom of pharynx; Aft, at-
tachment organ; ho, hook; 7n, independent
muscle; /o, light organ; /pp, lateral posterior
projection; mdr, middorsal ridge; mvp, mid-
ventral projection; 0b.gr, oblique groove; 0b.r,
oblique ridge; pa, test patch; ped, peduncle;
pl.pr, posterolateral projection (tentacle); pr,
posterior ridge; R, right side; rec, rectum; sz,
snout; st.at, attachment organ; §£.0p, opening
for stolon; fes, testis; #r.d, transverse depres-
sion; vle, ventrolateral elevation; v/p, ventro-
lateral projection; vr, ventral ridge.

Most drawings in this paper do not show
oral or cloacal muscles, as these are small and
difficult to place correctly in a drawing of the
whole animal. They are described and figured
for most species by Streiff (1908), Metcalf
(1918), Ihle (1935, 1937-39), and Thompson
(1948).

It is probable that further study will show
that the attachment organs are of considerable
taxonomic importance. They are only inci-

dentally described in this paper.
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FiG. 2. Schematic median section of a solitary salp
(after Thle, 1935). A, Velum muscle; a», anus; B, lip
muscle; b4/, blind sac (caecum of gut); BM, body
muscles; C, bow (intermediate) muscle; cg, ciliated
groove (dorsal tubercle); ¢/, cloaca and its opening;
¢, eye; el, elacoblast; end, endostyle; g, gut (intestine);
gb, gill bar; gn, ganglion; A, heart; m, mouth; oe,
esophagus; ph, pharynx; p/, placenta; pp, peripharyn-
geal band; 57, stolon; x, first cloacal muscle; ¥, second
cloacal muscle; z, third cloacal muscle (composed of
a series of small sphincters).

KEY TO WORLD SPECIES AND REPRODUCTIVE
FORMS OF SALPIDAE

1. Gonads present; stolon absent; eggs or

embryos usually present. . ... aggregate
(gregarious) form............... ... 2
Gonads absent; stolon usually present;
eggs and embryos absent. ... .. solitary
(0oozooid, asexual) form..... ... .. 22

2(1). Intestine straight, anteriorly directed;
one light organ present laterally between
M II-IITI (there may be another between
MIII-IV)....... Cyclosalpa pinnata

Intestine neither straight nor anteriorly
directed; no light organ present. .. ... 3

3(2). Two posterior projections present,
containing testis and a caecum, respec-
tively. ... ... Cyclosalpa bakeri

One or no posterior projection present. 4
4(3). Testis spherical. Helicosalpa komaii
Testis not spherical . . .............. 5

5(4). Posterior appendage containing testis
PIESENT. ...ttt 6
Posterior appendage containing testis
not present. .. ............. ... ... 7

6(5). Testis projects dorsolaterally within
posterior test projection. . ...........
................ Helicosalpa virgula
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Testis projects ventroposteriorly within
posterior swelling. ........ ... ... ...
............... Cyclosalpa floridana

7(5). Gut forms a broad loop with central
space empty; a peduncle present. . . . ..
.................. Cyclosalpa affinis
Gut either tightly looped or with central
space filled; peduncle absent. . ... ... 8

8(7). Some body muscles form complete
LGS . ottt 9
No body muscles form complete rings
................................ 10

9(8). Body muscles fused into a single unit
dorsally and ventrally .. ........ ...,
.................. Brooksia rostrata
Body muscles not fused into a single
dorsal and ventral unit; however, M II
and III are rings. . .Ihlea magalhanica

10(8). All body muscles interrupted dorsally
..................... Thetys vagina

Some or all body muscles continuous
dorsally. . ....... ... ... L. 11

11(10). M I interrupted dorsally. ...... ...
...................... Iasis zonaria

M I continuous dorsally. . ..... ... 12

12(11). Four symmetrical attachment organs
project from each side of body........
............... Pegea confoederata
Attachment organs either asymmetrical
or not projecting beyond test outline. 13

13(12). One elongate tentacle projects pos-
teriorly from each lateroposterior angle
of body. Traustedtia multitentaculata
No elongate tentacle as above (short
attachment organs may project laterally
from the posterior region of Thalia dem-

OCKatiCd AZZ.) . o oo 14
14(13). Ventral lip sphincter 4(Mbs) inter-
rupted. ... .. Salpa fusiformis

Ventral lip sphincter 4 continuous, if
PIESENL. . .. ... 15
15(14). Muscles arranged in groups of 3 and
2dorsally. ... ..o oL 16
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Muscles arranged in groups of 4 and 2,
4 only or 2 only dorsally. . ........ 18
16(15). Gut within a broad pointed or round-
ed median posterior projection; ciliated
groove bears a ventral languet. ... .. 17
Posterior projection not containing gut;
ciliated groove without languet. . ... ...
.................. Weelia cylindrica
17(16). M III is formed of 8 or 9 fibers
(Apstein, 19064)..Thalia longicauda
M III is formed of 3 fibers (Apstein,
19064) . . . .......Thalia democratica

18(15). M II extends beyond endostyle to
between M V-VI of opposite side. . . ..
..................... Ihlea punctata

M II not as above. ............. .. 19
19(18). Posterior projection extends beyond
cloacal opening.................. 20

Posterior projection does not extend be-
yond cloacal opening. . ..............
............... Metcalfina hexagona

20(19). Independent muscle small, incon-
spicuous; M I-II narrowly fused dor-
sally; spaces between transverse ribs of
gill bar less than 0.5 width of bar.. ...
..................... Salpa maxima
Independent muscle large, conspicuous;
M I-II widely fused dorsally; spaces
between transverse ribs of gill bar greater
than 0.5 width of bar. . ... ... ... 21

21(20). Dorsal lip sphincter 1 (M A;) in-
terrupted middorsally . . ... L.
.................. Ritteriella picteti
Dorsal lip sphincter 1 continuous mid-
dorsally. . ... Ritteriella amboinensis

22(1). Intestine accompanies gill bar....23
Intestine does not accompany gill bar
................................ 28

23(22). Ventral longitudinal muscle present
................................ 24
Ventral longitudinal muscle absent. .25

24(23). A single dorsal longitudinal muscle
present, connecting M I with M x on
Fen Sl Helicosalpa komaii
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Two dorsal longitudinal muscles pres-
ent, connecting M I with M VI on each
Jel= Helicosalpa virgula

25(23). M I-1V fused ventrally into a single
mMass. .......... Cyclosalpa floridana

M I-IV not fused ventrally. .. .....26
26(25). Three to five light organs present on
each side of body................ 27
Not more than one light organ present

on each side of body. Cyclosalpa affinis
27(26). M VI forming 2 anteriorly directed
dorsal longitudinal muscles. .. .......
..Cyclosalpa bakeri

M VI formmg one fused, anteriorly di-
rected dorsal longitudinal muscle, or
none. . .......... Cyclosalpa pinnata

28(22). A muscular snout projects anteriorly
beyond mouth opening. . ............
.................. Brooksia rostrata

No muscular snout projects anteriorly

29(28). Body muscles interrupted dorsally
................................ 30

Body muscles continuous dorsally. . 31

30(29). A long projection extending poste-
riorly from both posterolateral angles of
body; test spiny....... Thetys vagina
No such projections present; test smooth
...................... lasis zonaria

31(29). Some body muscles form complete

FIZS . oo vt oo e e e 32
All body muscles interrupted ventrally
................................ 36

32(31). Longitudinal muscles present on
each side of body, internal to body
muscles. ... .......... Ihlea punctata
Longitudinal muscles absent. .. .... 33

33(32). A long projection extending poste-
riorly from each posterolateral surface of
body...... ... ... ... 34
No such projections present. . ... .. 35

34(33). M I-1II and IV-V forming groups
dorsally. ........ Thalia democratica
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Allbody muscles separate, parallel (Trau-
stedt, 1885)....... Thalia longicauda

35(33). Not more than first four body mus-
cles forming complete rings. .........
............ Ritteriella amboinensis

M I-VIforming completerings (Thomp-
son, 1948)........ Ihlea magalhanica

36(31). Intestine straight, extended poste-
dorly. ... ... . .. Ritteriella picteti

Intestine coiled, not extended . . . . .. 37

37(36). Projections of test or tentacles ex-
tending beyond body outline. . ... .. 38
No projections of test extending beyond
body outline. . ........ .. ... L 39

38(37). Two posterior projections present;
9 to 13 body muscles present, asym-
metrical . . .. ... Metcalfina hexagona
No posterior projections but with two
to many tentacles; body muscles few
(5), symmetrical . . ... L

Traustedtia multitentaculata

39(37). Four body muscles present. ... ...
................ Pegea confoederata

More than 4 body muscles present. .40
40(39). Elaeoblast or its cavity present in

mature specimens; ciliated groove form-
ingaloop............ Salpa maxima

Elaeoblast present only in embryos;
ciliated groove simple in immature spec-
MOEMS . .o 41
41(40). M I"IV converging to form a group
.................. Weelia cylindrica

M I-III and VIII-x converging, or are
parallel . . ... L. Salpa fusiformis

Family SALPIDAE

The definition of the family by Ihle (1935)
is followed here chiefly.
Planktonic Thaliacea with main body axis

longitudinal, covered with a transparent test.

Mouth opening anterior, cloacal opening pos-
terior, dorsal or terminal. Body musculature
consists of usually ventrally interrupted mus-
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cles but may include complete rings or dor-
sally interrupted muscles as well. Special
mouth and cdoacal musculature present.
Pharyngeal and cloacal cavities separated by
a “gill bar” lying between two large gill slits;
gill bar extending from anterodorsal surface
to esophagus located posteroventrally. An
alternation of generations exists between the
sexual blastozooid (aggregate or gregarious
form) and the asexual 0oozooid (solitary form).
The oozooid bears ventrally a proliferating
stolon on which the blastozooids arise. The
blastozooid produces one or several embryos
on the cloacal wall which become oozooids.

The family Salpidae consists of two distinct
groups of genera. I propose to give these
groups the status of subfamily: the Cyclosal-
pinae including Cyclosalpa and Helicosalpa, the
former being the type genus, and the Salpinae
including all other genera of the Salpidae,
Salpa being the type genus.

CYCLOSALPINAE subfam. nov.

The subfamily Cyclosalpinae may be dis-
tinguished by the following characteristics:
(1) in the solitary form, the intestine accom-
panies the gill forward, being united with it
over most of its length; (2) there are light
organs present in all solitary forms except
C. affinis, and here one is probably present
(see description); (3) in the aggregate form,
the gut is either an extended tube or a loosely
formed loop, never a compact “nucleus’’;
(4) the aggretate forms are attached by a
single peduncle or by a single large attach-
ment process.

Genus CYCLOSALPA Blainville, 1827

Solitary form with six body muscles, gre-
garious form with four. In the solitary formt
longitudinal muscles absent or, if present, no,
continuous with M I. Intestine coursing ob-
liquely with gill bar in the solitary form, but
not forming a rectum. Intestine either straight
or forming an open circle in the aggregate
form. Only one attachment organ, the pe-
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duncle, present in the aggregate form. Body

muscles penetrating into peduncle. Groups of

blastozooids forming whotls on stolon.
Four species: Cyclosalpa pinnata (type), C.
affinis, C. floridana, and C. bakeri.

Cyclosalpa pinnata (Forskal) 1775
Fig. 3a—d

Salpa pinnata Forskal, 1775: 113.

Biphora pinnata Bruguiére, 1789: 180.

Salpa pelasgica [?] Bosc, 1802: 181.

Salpa cristata Cuvier, 1804: 366.

Salpa thalia [?] Lamarck, 1816: 119.

Salpa candata [?] Lamarck, 1816: 119.

Salpa (Cyclosalpa) pinnata Blainville, 1827: 108;
Metcalf, 1918: 9; Sewell, 1926: 68; Stiasny,
1926: 414.

Salpa cyanea [?] Chiaje, 1828: 63.

Salpa proboscidalis Lesson, 1830: 95.

Salpa mucosa [?] Costa, 1839: 225.

Orthocoela pinnata Macdonald, 1864: 181.

Cyclosalpa pinnata Herdman, 1888: 87; Ihle,
1935: 527-529; Tokioka, 1937: 219;
Thompson, 1948: 103.

Cyclosalpa polae Sigl, 1912a: 66; 19125 ( fide
Ihle and Ihle-Landenberg, 1937); Fedele,
1926, 1933 (fide Ihle and Ihle-Landenberg,
1937); Ihle and Ihle-Landenberg, 1937: 1.

Cyclosalpa bakeri Bomford, 1913: 243.

[non] Cyclosalpa bakeri Ritter, 1905: 54.
Salpa (Cyclosalpa) pinnata polae Metcalf, 1918:
26; Sewell, 1926: 68; Komai, 1932: 69.
Cyclosalpa pinnata polae Thle, 1935: 527-529.
Cyclosalpa pinnata var. polae Tokioka, 1937:

220.

SOLITARY FORM: Four specimens examined
with length range of 4-12 mm. (Fig. 3¢,d).
Tesz: Rather thin, glutinous, without definite
elevations or depressions. Median dorsal ridge
described by Stiasny (1926) absent as are
anterior “'ventral languets” shown by Met-
calf (1918). Muscles: Six body muscles, each
interrupted dorsally and ventrally; oral mus-
cles touching M 1. Ciliated groove: An arched
U in dorsal view, but may be sinuous or con-
voluted according to various investigators.
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FiG. 3. Cyclosalpa pinnata. a, Aggregate form, left
dorsal side; b, aggregate form, right dorsal side; ¢, sol-
itary form, left side; 4, solitary form, ventral view of
cloacal region.

Viscera: Esophagus opening between M VI
and x on right side, connecting to intestine
which accompanies gill antero-obliquely; at
junction of intestine and esophagus, two
caeca projecting posteriorly, the left one al-
most twice the length of the right one; light
organs four on each side, between muscle
bands II-x (five according to most investi-
gators, but Sewell, 1926, found only four—
none between I-II—and this is also true of
POFI specimens).

AGGREGATE FORM: Four specimens ex-
amined with length range of 11-31 mm.
(Fig. 3a,b). Test: Thin and flabby, far sep-
arated from mantle except at region of mouth
and cloacal openings; glutinous; no definite



284

elevations or depressions; peduncle long in
small (C. p. polae?) specimens (Fig. 3b), much
shorter in largest specimen (Fig. 34). Muscles:
Four body muscles; M I-II fused dorsally,
111, IV, and x approaching or fusing dorsally;
mouth muscles joining M I; bow muscles
(C) forming anterior peduncle muscles on
each side, M I and II fusing ventrolaterally
to form posterior peduncle muscles. Thus,
a total of four peduncle muscles present.
Ciliated groove: Simple or U-shaped, located
vertically. Viscera: Esophagus opening at level
of junction of M III-IV—x; a single, pos-
teriorly directed caecum, intestine coursing
anteriorly beneath endostyle, anus opening
at region of M II-1II, bur in larger specimen
at region of M I; testis prominent, longi-
tudinally plicated, arising at junction of eso-
phagus and intestine, accompanying intestine
anteriorly, opening by small duct slightly pos-
terior to anus; embryo near M III or between
M I[II-1V dorsally; one light organ on each
side between M II and III—there may be two,
as shown in Fig. 32 and as shown by Ihle
(1910), Komai (1932), and Tokioka (1937);
examples previously described with two pairs
of light organs, as the present specimen, al-
ways large (length of specimen, 28 mm.), so
this condition probably due to age.

The form (species, subspecies, variety) polae
has been distinguished from C. pinnata chiefly
by the following characteristics in the gre-
garious form (Ihle and TIhle-Landenberg,
1937); length of body, length of peduncle,
relationships of M III and IV dorsally, shape
of ciliated groove, eye, caecum (blind sac),
and position of anus. There are evidences,
however, chiefly from Sewell (1926), that this
form is not distinct from C. pinnata. The
separation dorsally of M III and IV is found
in C. pinnata as well as in animals fitting the
description of C. polae (Metcalf, 1918; Sewell,
1926; Komai, 1932). The ciliated groove in-
tergrades between the form polae and the type
(Sewell, 1926). The solitary form of C. polae
is distinguished (Sigl, 19124) by the middorsal
fusion of the two M VI and their continuance
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as a band forward. This character apparently
intergrades but should receive further study.
Sewell (1926) stated:

Had I been dealing solely with examples of
the aggregated zooid I should have had no
hesitation in referring this form to the sub-
species polae but, as I have already shown, the
asexual generation [of the Indian form] must
be referred to C. pinmata. It is impossible,
therefore, to distinguish Cyclosalpa polae from
C. pinnata even as a sub-species, and much
less, as Sigl originally claimed, as a species.

Ihle and Ihle-Landenberg (1937), however,
critically studied specimens of the aggregate
zooid of both forms and concluded that the
two forms should be considered distinct spe-
cies, as Sigl (19124) had regarded them.

I have had only typical specimens of the
solitary zooid of C. pinnata and thus can add
nothing which might help settle this problem.
The aggregate zooids of the POFI collections,
however, show intergradation in the dorsal
separation of M III-1V and structure of the
ciliated groove. Tentatively, I follow Thomp-
son (1948) in regarding the form polae as
simply showing differences attributable to
changes occurring with increasing size and
believe that its recognition as a subspecies
or species is probably not justified. Doubtless,
the answer to the problem lies in a study of
various-sized solitary forms.

An embryo was found in a collection con-
taining aggregate forms that fit the descrip-
tion of C. polae (Fig. 3b). This embryo, how-
ever, is evidently a typical C. pinnata as the
two M VI do not fuse dorsally. It was not
attached to its mother, so I cannot relate it
directly to the form polae.

Cyclosalpa affinis (Chamisso) 1819
Fig. 4 a, b

Salpa affinis Chamisso, 1819: 11.

Cyclosalpa affinis Blainville, 1827 [ fide Ritter,
1905]; Ihle, 1935: 527-529; Tokioka, 1937:
221; Thompson 1948: 108.

Salpa pinnata var. [?]Quoy and Gaimard,
1834: 582.
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Salpa chamissonis Brooks, 1893: 376.

Salpa (Cyclosalpa) affinis Apstein, 1894b: 4;
Metcalf, 1918: 27; Sewell, 1926: 74; Ko-
mai, 1932: 70.

SOLITARY FORM: One specimen examined
with length of 54 mm. (Fig. 44). Tesz: Thin,
glutinous, attached at mouth and cloacal
opening; no definite elevations- or depres-
sions. Muscles: Six body muscles: M I and
IT interrupted dorsally and ventrally, M I1I-
VI interrupted ventrally, continuous dorsally;
x sending one branch anteriorly (broken in
this specimen) which is continuous with pos-
terior branch of M VI; x continuing far ven-
trally; x and y converging laterally but not
touching; M I joining mouth muscles. Ciliated
groove, ganglion and eye: Ganglion and eye
anterior to M I, just above anus; ciliated
groove far anterior to them, highly convo-
luted. Viscera: Esophagus forming a spiral at
ventral level of M VI and x; a single posterior
caecum (actually double, appearing single,
according to Komai, 1932) connecting to in-
testine which courses antero-obliquely with
gill; anus opening just anterior to M I; gill
ending anterior to M C; a large oval body
located on each side between M IV and V.
It is conspicuous with stain and probably
is a light organ (this is not mentioned in past
descriptions).

AGGREGATE FORM: Three specimens ex-
amined with length range of 18-33 mm. (Fig.
4b). Tess: Closely attached at mouth, cloacal
opening, on peduncle and intestine (Metcalf,
1918, figures it as very loose on latter two
structures); test with no definite elevations
or depressions, glutinous, thin, may be far
separated from mantle; peduncle short, broad.
Muscles: Four body muscles; all interrupted
ventrally, continuous dorsally and separated
from one another except IV and x; M I
joining with mouth muscles; M C forming
anterior peduncle muscles, posterior peduncle
muscles independent; total of four muscles
in peduncle, two anterior and two posterior;
M I sending oft two anterior branches; x and
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FiG. 4. Cyclosalpa affinis. a, Solitary form, left side;
b, aggregate from, right side.
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y connected by a laterodorsal branch. Ciliated
groove: Anterior to M I, highly convoluted.
Viscera: Gut a large open loop, forming a
posteroventral evagination beyond body out-
line; testis contained in gut loop; embryo on
right side between M III and IV; no light
organs.

Cyclosalpa floridana (Apstein) 1894
Fig. 5a, b

Cyclosalpa dolicosoma-virgula Traustedt, 1893: 5.

[non] Salpa virgula Vogt, 1854: 11.

Salpa floridana Apstein, 1894b: 9.

Cyclosalpa floridana Brooks, 1908: 75 [fide Se-
well, 1926]; Thle, 1935: 527-529; Ihle and
Ihle-Landenberg, 1935: 21; Thompson,
1948: 111.

Inm eeeo——

F1G. 5. Cyclosalpa floridana. a, Solitary form, dorsal
surface; b, aggregate form, left side (modified after
Metcalf, 1918).

PACIFIC SCIENCE, Vol. VIII, July, 1954

Salpa (Cyclosalpa) floridana Metcalf, 1918: 32;
Sewell, 1926: 72.

{non] Cyclosalpa floridana Apstein 1906a. 248;
1906b: 162.

SOLITARY FORM: One specimen examined
with length of 8 mm. (Fig. 5#). Test: Rather
thick, glutinous; with no definite elevations
or depressions; rather far separated from man-
tle; atrached at mouth and cloacal opening.
Muscles: All six interrupted dorsally, ventrally
continuous and fused into a single mass; M
I-IT joining dorsally; M I joining mouth
muscles. Ciliated groove: Simple crescent with
points turned ventrally. Viscera: Esophagus
joins intestine ventrally at level of M VI,
single, ventral caecum projecting from point
where intestine courses antero-obliquely with
gill; anus opening at level of M IT (Metcalf
shows this anterior to M I just under gan-
glion); light organs patchy masses of cells
between the following muscles on each side:
II-111-1V-V-VI.

AGGREGATE FORM: Two specimens exam-
ined, with lengths of 2.5 and 4 mm.

As both POFI specimens are in very poor
condition, the following description is based
on Metcalf, as is the figure (Fig. 5b). Test:
Thin, far separated from body except at
mouth and cloacal openings; forming a large
bulge or swelling posteroventrally for testis
and gut. Muscles: Three body muscles; M 1
joining mouth muscles and, with M C, form-
ing peduncle muscles; M I-II and III-IV—x
converging dorsally; M III-IV-x joining
dorsally, converging ventrally; all muscles
continuous dorsally and ventrally; x joining
y by a bridle piece which extends over gut.
Ciliated groove: Simple crescent. Viscera: In-
testine forming a close loop, anus opening on
left behind esophageal opening; testis large,
projecting posteroventrally from gut; embryo
located between M IV and x laterally.

Cyclosalpa bakeri Ritter (1905)
Fig. 6a—c

Cyclosalpa bakeri Ritter, 1905: 54; Ihle, 1935:
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527-529; Thompson, 1948: 114; Tokioka,
1951: 183. :
Cyclosalpa  floridana Apstein, 1906a: 248;
19066 162.
[non] Salpa floridana Apstein, 1894b: 9.
Salpa (Cyclosalpa) bakeri Metcalf, 1918: 37.

SOLITARY FORM:. One specimen examined
with length of 34 mm. (Fig. 64, b). Test: Thin,
flabby, glutinous; closely attached to mantle;
no definite elevations or depressions; pear-
shaped with posterior end smallest. (This does
not agree with the figure of Metcalf, which
shows the test far separated from the mantle.)
Muscles: Six body muscles, of which M I joins
mouth muscles laterally and ventrally; all
body muscles and x dorsally interrupted (Rit-
ter, 1905, and Metcalf, 1918, say that x is
sometimes complete dorsally), all except x
ventrally interrupted (the above-named au-
thors say that x is also ventrally interrupted);
ventrally, y fusing with its fellow of the op-
posite side, extending shortly anteriorly be-
tween the gut caeca; dorsally M VI extending
anteriorly almost to level of M II (to level of
M IV according to Ritter and Metcalf); left
and right anterior dorsal extensions of M VI
remaining distinct. Ciliated groove, ganglion and
eye: Ciliated groove forming an open U with
left horn extended farther anteriorly; ganglion
and eye just anterior to M I. Viscera: Eso-
phagus opening at region of M VI ventrally;
intestine accompanying gill antero-obliquely,
anus opening behind eye level; two equally
long, laterally compressed caeca projecting
posteriorly; stolon held within a mantle tube
which opens at level of M I-II; light organs
large and distinct, four on one side, three on
other in POFI specimen; each located laterally
over a body muscle (previous reports show
five large light organs and one small anterior
one, between body muscles).

This animal most closely resembles the po/ae
torm of Cydosalpa pinnata (according to the
description of Sigl, 19124, and the statement
of Thompson, 1948). It can be distinguished
from that form by the nonfusion of the two
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M VI dorsally, and by the fact that in C.
bakeri the caeca are of equal length, whereas
in C. pinnata they are unequal.

AGGREGATE FORM: Eight specimens exam-
ined with length range of 7-9 mm. (Fig. 6¢).
Test: No definite elevations or depressions;
flabby, thin except around posterior projec-
tions; either closely applied or far separated
from mantle; attached at cloacal siphon and
mouth; two prominent posterior end projec-
tions of thicker test present; the whorl of
zooids released from the stolon covered by
an outer coat of test, including seven zooids
both in my specimens and in Thompson’s
figure (1948, pl. 42). Muscles: Two main mus-
cle groups dorsally; each dividing laterally
into several branches; anterior group joining
mouth muscles; peduncle muscles three on
each side, anterior one from M C, lateral one
from M I-II, and a short posterior one from
M I which extends anteroventrally toward
peduncle; muscles of posterior muscle mass
continuous ventrally; muscle structure asym-
metric. Ciliated groove, ganglion and eye: All
anterior to M I; ciliated groove forming a
crescent rather far anterior to ganglion and

Fi1G. 6. Cyclosalpa bakeri. a, Solitary form, dorsal
aspect; b, solitary form, ventral aspect (# and 4 schem-
atic; length of animal, 34 mm.); ¢, aggregate form, left
side.
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eye; latter just in front of M I, prominent.
Viscera: Gut forming posterior loop at base
of posterior projections beyond body margin;
anus opening at esophageal level; testis oc-
cupying left posterior projection; a caecum
from the gut plus a smaller “problematic”
organ, considered by Metcalf to be probably
homologous with the same organ (=blood-
forming organ) of Ritteriella, occupying the
right posterior projection; embryo located at
region of posterior muscle mass on right side.

Genus HELICOSALPA Todaro, 1902

I have not seen the report of Todaro'(1902)
establishing this genus. Ihle (1935) stated in
regard to Todaro’s report, “‘Durch die starke
Enantiomorphie, durch das Fehlen einer ring-
férmigen Anordnung der Blastozooide in der
Kette und durch die eigentimlichen Haft-
Flachen weicht Cyclosalpa virgula (Vogt) so
bedeutend von den anderen Arten ab, dass
Todaro (1902) diese Art zur selbstindigen
Gattung Helicoslapa rechnete.” lhle did not
follow this classification, considering the spe-
cies C. virgula to agree so closely with the
other cyclosalpas in muscle arrangement and
structure of gut that he thought it should not
be separated from them.

After careful examination of the species H.
virgula and H. komaii, however, I am of the
opinion that they are quite different from the
species of Cyclosalpa; thus I agree with Todaro
(1902). As Helicosalpa virgula was at that time
the only known species of the genus, it must
be considered the type.

The genus may now be characterized as
follows.

1. There are two distinct gregarious forms
produced on the stolon, the dextral and the
sinistral individuals. Whotls are not produced
on the stolon. Mirror imagery is shown in the
arrangement of attachment organs, muscula-
ture, tentacle over the ciliated groove, the
ciliated groove, testis, and posterior projec-
tion (H. virgula), eye, mouth, and cloacal
siphon. Other variations in the two forms,
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although not mirror imagery, are the position
of the testis and posterior projection (H.
komaii), embryo, gut, and anus (“primary
asymmetry”’ of Komai, 1932; the mirror imag-
ery is called “secondary asymmetry” by him).
In a few other species of Salpidae (for ex-
ample, Brooksia rostrata and Iblea punciata)
asymmetry occurs, but this apparently is sec-
ondary asymmetry.

2. There is no peduncle, only a blunt at-
tachment organ by which the gregarious
forms attach to the stolon. The body muscles
do not enter this process as do the peduncle
muscles of Cyclosalpa.

3. The solitary form possesses dorsal and
ventral longitudinal muscles which are con-
tinuous with M I; the dorsal longitudinal
muscles are paired (H. virgula) or united (H.
komaii). The ventral longitudinal muscles are
always paired; they are distinct from most
transverse muscles (H. virgula) or joined by
all transverse (body) muscles (H. komair).

4. The anus of the solitary form is turned
widely posteriorly from the anterodorsal re-
gion of the gill bar, forming a rectum.

The nearest known relative of Helicosalpa
virgula and H. komaii is probably Cydosalpa
bakeri. Metcalf (1918) included H. virgula and
C. bakeri in his group Cyclosalpae asymmetricales
but did not attain a phylogenetically accurate
division, stating: “The division of the sub-
genus into Cyclosalpae symmetricales and Cyclo-
salpae asymmetricales, while truly descriptive
of the existing conditions, does not represent
accurately degrees of relationship, for Cyclo-
salpa bakeri, an asymmetrical form, finds it
nearest relative in C. floridana, an aberrant
member of the group symmetricales.”

The separation of H. virgnla and H. komaii
into a separate genus is considered phylo-
genetically valid, distinguishing them from
the cyclosalpas.

Helicosalpa virgula (Vogt) 1854
Fig. 7a-d

Salpa virgula Vogt, 1854: 11.
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Salpa dolicosoma Todaro, 1883: 41.

Salpa dolicosoma-virgula Traustedt, 1885: 360.

Helicosalpa virgula Todaro, 1902: 405.

Cyclosalpa virgula Apstein, 1906b: 161; Ihle,
1935: 527-529; Ihle and Thle-Landenberg,
1936: 274; Thompson, 1948: 118.

Salpa (Cyclosalpa) virgula Streiff, 1908: 15;
Metcalf, 1918: 43; Sewell, 1926: 73; Stiasny,
1926: 418.

[non] Cydlosalpa dolicosoma-virgula Traustedt,
1893.

[non] Salpa (Cyclosalpa) virgula Komai, 1932:
70.

SOLITARY FORM: One specimen examined
with length of 141 mm. (Fig. 74,b). Test: The
test of this specimen is relatively huge
compared with the body. Volumetric meas-
urements were made by water displacement:
the body measured 10 milliliters, whereas the
test measured 148 milliliters. This great dif-
ference in volume has not been reported be-
fore, thus perhaps it is only an anomaly. Test
globular, gelatinous, thick and flabby; slightly
glutinous; formed of an outer thin mem-
branous layer and a thick inner gelatinous
layer; loosely attached to the body by a few
fine strands of test tissue; without permanent
elevations or ridges. Posterior languets shown
by Metcalf (1918) not present in POFI spec-
imen, but a pair of short test projections
present at the cloacal region. Muscles: M 1
and VI are continuous dorsally on each side,
forming two dorsal longitudinal muscles; M
I extending posteriorly on ventral surface
forming two ventral longitudinal muscles
that end at region of stolon extrusion; M V
interrupted dorsally, extending ventrally al-
most to stolon level as an anteriotly directed
longitudinal muscle, thus almost meeting the
posteriorly extended M I; M I1, III, IV, and x
dorsally and ventrally interrupted; M I join-
ing mouth muscles. The close relationship of
this species and H. komaii is evident from the
similarity of muscle structure. It can easily be
distinguished from it, as H. virgula possesses
two dorsal longitudinal muscles rather than

Fi16. 7. Helicosalpa virgula. a, solitary form, dorsal
aspect; b, solitary form, ventral aspect (2 and b schem-
atic, not showing the test; length, 141 mm.); ¢, aggre-
gate form, sinistral individual from stolon, dorsal
aspect; 4, aggregate form, dextral individual, dorsal
aspect (after Ihle, 1937-39, modified from Streiff,
1908).
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one, and the ventral longitudinal muscles of
H. virgula are not continuous (Streiff, 1908,
however, represented them as continuous).
In addition, the ventral ends of M II-IV
remain distinct from longitudinal muscles in
H. virgula. Ciliated groove, ganglion and eye:
Ciliated groove highly convoluted, located at
level of dorsoposterior extensions of M C;
ganglion and eye at level of dorsal longi-
tudinal muscles. Viscera: Gut large, bearing
two caeca; intestine extending obliquely with
gill, turning posteriorly at level of M I; stolon
extruding from test at level of M III; six
light organs on each side between body mus-
cles from I to VI; additional small light organ
anterior to M I (Streiff, 1908, Metcalf, 1918,
and Stiasny, 1926, show a single continuous
light organ extending from M I to M VI on
each side; the photograph by Thompson,
1948, also shows a continuous light organ on
each side; evidently, there is considerable va-
riation in their location and structure).

AGGREGATE FORM: Only stolonic indivi-
duals were studied with length of 3 mm.
(Figs. 7¢,d).

The aggregate forms of this species and
Helicosalpa komaii are the most asymmetric of
all the salps. The two types of aggregate
individuals that are produced, dextral and
sinistral, are described separately.

Dextral individual (Fig. 7d): This has been
figured by Streift (1908) and Metcalf (1918).
In addition, Streiff described the sinistral in-
dividual, but Metcalf apparently had only
dextral individuals for study. Test thick and
firm with a bulbous swelling.around elaeo-
blast and a large pointed projection contain-
ing part of gut and testis projecting dorso-
laterally toward anterior left side of body;
anus directed toward right; eye turned slightly
to right of mid-line of body, as is the cloacal
opening; four body muscles; x prominent,
encircling cloaca, separating the two parts of
M 1V; dorsal tentacle projecting over ciliated
groove to left of and anterior to ganglion.

Sinistral individual (Fig. 7¢): Test similar to
above, except projection containing gut and
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testis directed to right; anus directed toward
left; ganglion and eye slightly to left of mid-
line of body, as is cloacal opening; muscles
the mirror image of dextral individual; dorsal
tentacle over ciliated groove projecting an-
teriorly and slightly to right of ganglion.

Helicosalpa komaii
(Ihle and Thle-Landenberg) 1936

Fig. 8a-f

Salpa (Cyclosalpa) virgula Komai, 1932: 70.

[non] Salpa virgula Vogt, 1854: 11.

Cyclosalpa komaii Thle and Thle-Landenberg,
1936: 274; 19385 609; Tokioka, 1937: 221.

Cyclosalpa virgula Fedele, 1937: 448, 525 (fide
Ihle and Ihle-Landenberg, 19385).

[non] Salpa virgula Vogt, 1854: 11.

SOLITARY FORM: One specimen examined
with length of 94 mm. (Komai's specimen
was 230 mm. long, making this the largest

. of all known salps.) (Fig. 8¢—d.) Test: Thick,

flabby, strongly attached to mantle by nu-
merous fine strands of test material; a prom-
inent, nonserrated, middorsal ridge present
on anterior half of test; without other perma-
nent elevations or depressions; test composed
of a thin outer layer and a thicker inner
gelatinous layer; inner layer opaque (staining
makes it more opaque, so should be used
only with caution). Komai (1932) stated,
“The test is thin and soft.” I presume that he
examined only the outer surface, which ap-
pears without dissection to be thin and rather
far separated from the mantle by the inner
gelatinous layer. Muscles: Six body muscles;
x and y branched (Komai's figure, 8¢ of this
report, shows y as a nonbranched muscle);
mouth musculature including the large M
C that approaches or touches M I dorso-
laterally, passes backward ventrally as the
ventral longitudinal muscle; two large sphinc-
ters of the dorsal lip (according to Komai,
one large posterior and three small anterior
ones) appearing to fuse laterally with two
sphincters of the ventral lip, then continuing
posteriorly as a dorsal retractor to the outside
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FiG. 8. Helicosalpa komaii. a, Solitary form, right side; 4, solitary form, inside view of ventral cloacal region;
¢, solitary form (230 mm.), right side (after Komai, 1932); 4, solitary form, posterior part of gut, right side
(blind sac 2 has been turned slightly dorsad); e, aggregate form (about 50 mm.), sinistral individual, right side;
/, aggregate form (about 70 mm.), dextral individual, right sid<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>